Introduction
Electromagnetic field coupling to a wire placed inside a cavity enclosure through apertures has been studied by various numerical methods such as the finite element method (FEM) [l] , and method of moment (MOM) [2, 31. However, published works have so far focused on coupling through small holes. In this paper, we consider large apertures and cavities penetrated with wires through the aperture. The wires can be fully enclosed by the cavity or are partially interior and partially exterior to the cavity. This type of problem can be analyzed as a single unit. However, the resulting system is large and often ill-conditioned. We propose an altemative approach which decomposes the problem so that the wires and cavity are separately modeled generating two different subsystems. The interaction between the decomposed structures is then handled by an iterative coupling approach. We validate our method by comparison of the electric field shielding (EFS) factor (defined in Figure 1 ) with a well-validated full wave multilevel fast multipole moment method (MLFMM) [4, 51.
Aperture coupling
We begin by applying the surface equivalence principle to introduce the equivalent magnetic currents R = EX? across the aperture. As usual, @ is the equivalent magnetic currents and E is the aperture field. This current is then used to compute the exterior and interior fields using the appropriate Green's function. Inside the cavity, the modal Green's function is employed to account for the mode field interactions. For the cavity exterior, an infinite ground plane is assumed and the half space dyadic Green's function is employed. The latter is an approximation since it neglects edge effects from the cavity. However, such effects are negligible for the interior fields since the slot fields are mostly controlled by local phenomena (slot resonance and cavity resonances). Figure 1 demonstrates the validity of this assumption.
By enforcing tangential field continuity across the aperture, coupled integral equations for the aperture fields are obtained via the relation.
where H i is the incident field, H" is the extemal field radiated by a , and I ? ' is the internal field due to -a . Galerkin's method with rooftop basis can be used to solve (1) [6]. To demonstrate the proposed iterative method for the presence of wires, let us consider a rectangular cavity subject to an external plane wave illumination in Figure 3 . The initial assumption is that the wire radiates in isolation and as such the free space Green's function can be used to construct a matrix system using the Pocklington's integral equation. The coupling between the wire and cavity structure is then attained by iterating the solutions between the wire and cavity scattering. At the first iteration, the field illuminating the wire is that coupled through the slot with the cavity being empty (Figure 2(a) ). Subsequently, the cavity fields are updated from those radiated by the wire (Figure 2(b) ) and aperture fields (8) are recomputed.
Subsequently, the incident fields to the wire are reevaluated and the wire currents are recomputed. This process continues till the convergence of the electric current on the wire is achieved.
Validation example
To validate the iterative coupling method, we begin by observing the current on the wire at each GHz and after 9 iterations the exact answer is obtained. In Figure 5 , we compute the EFS for the geometry in Figure 3 . This geometry refers to a wire 20 cm long enclosed by a cavity 30 cm x 30 cm x 20 cm in size. Coupling to the interior is through a rectangular aperture opening 20 cm x 3 cm in size on the 30 cm x 30 cm side. The wire is 12 cm away from the aperture and in the y direction. The incident wave is normal to the aperture. The EFS is measured at (15, 15, -10) and as shown in Figure 5 our result is reasonable agreement to the MLFMM used for the composite structure modeling. Convergence for the iterative method was achieved in 10 iterations, but most importantly the computation time of the iterative approach is much reduced.
iteration. As can be seen in Figure 4 , the current value converges rapidly at 0.7 GHz and 0.8
Th~s iterative technique can be extended to include complex microwave structures such as printed metallic components on dielectrics within the cavity enclosure subject to external interference ( Figure 6 ). As above, the circuit components are modeled separately using robust analysis tools, such as the finite element boundary integral (FE-BI) or surface integral equation, and its scattered field is then interacted with the cavity structure. 
